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Proteomic analysis of normal human urinary proteins isolated The ability to examine the expression of a majority of
by acetone precipitation or ultracentrifugation. urinary proteins simultaneously would represent a sig-
Background. Proteomic techniques have recently become nificant technical advance. Identification of urinary pro-available for large-scale protein analysis. The utility of these
teins may lead to an enhanced understanding of renaltechniques in identification of urinary proteins is poorly defined.
We constructed a proteome map of normal human urine as a physiology and pathophysiology, and thus lead to the
reference protein database by using two differential fraction- discovery of novel “biomarkers” for diseases.
ated techniques to isolate the proteins. In the post-genomic era, proteomic analysis has beenMethods. Proteins were isolated from urine obtained from
developed for the large-scale study of proteins in micro-normal human volunteers by acetone precipitation or ultracen-
organisms, cells and tissues [3]. Commonly, two-dimen-trifugation, separated by two-dimensional polyacrylamide gel
electrophoresis (2D-PAGE) and identified by matrix-assisted sional polyacrylamide gel electrophoresis (2D-PAGE)
laser desorption ionization-time-of-flight (MALDI-TOF) mass is used for protein separation, and mass spectrometry
spectrometry followed by peptide mass fingerprinting.
(MS) is used for protein identification. Using these tech-Results. A total of 67 protein forms of 47 unique proteins
niques, up to 10,000 protein spots can be studied simulta-were identified, including transporters, adhesion molecules,
complement, chaperones, receptors, enzymes, serpins, cell sig- neously [4]. There are, however, limited proteomic data
naling proteins and matrix proteins. Acetone precipitated more on normal human urine due to the low abundance of
acidic and hydrophilic proteins, whereas ultracentrifugation proteins. Concentrating methods, such as dye-precipita-fractionated more basic, hydrophobic, and membrane proteins.
tion and lyophilization, have been applied to urine [5, 6].Bioinformatic analysis predicted glycosylation to be the most
common explanation for multiple forms of the same protein. Although a number of proteins were identified, the ab-
Conclusions. Combining two differential isolation tech- sence of transporters and cotransporters suggests a sig-
niques magnified protein identification from human urine. Pro- nificant limitation to previous approaches [6].teomic analysis of urinary proteins is a promising tool to study
The present study was designed to establish optimalrenal physiology and pathophysiology and to determine bio-
techniques for the creation of a proteome map of normalmarkers of renal disease.
human urinary proteins. Because of variability in physi-
cal and chemical properties of the proteins, it is unlikely
Quantitative and qualitative analyses of urinary pro- that a single protein isolation method will identify all of
teins have been used to study renal physiology and as a the protein components [7]. We used two differential
diagnostic tool in renal and systemic diseases. Western techniques, acetone precipitation and ultracentrifugation,
blotting and other immunological methods are the most to isolate proteins. We determined that acetone precipi-
successful techniques previously employed to identify uri- tated more acidic and hydrophilic proteins, whereas ul-
nary proteins [1, 2]. These techniques are limited, how- tracentrifugation fractionated more basic, hydrophobic,
ever, by availability of specific antibodies and by the and membrane proteins. These data indicate a usefulness
ability to examine only few proteins in each experiment. of different isolation techniques to identify the complete
urine proteome.
Key words: protein analysis, transporter, adhesion molecule, chaper-
one, receptor, post-translational modifications, biomarker, large-scale
analysis. METHODS
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Fig. 1. Proteome map of human urine. The urine samples were fractionated by two different methods, acetone precipitation (A) and ultracentrifuga-
tion (B). The proteins were separated by 2D-PAGE based on their differential pH value for the isoelectric point (pI; x-axis) and molecular weights
(y-axis). The protein spots were excised and underwent in-gel tryptic digestion followed by MALDI-TOF MS. Peptide mass fingerprinting were
performed to identify the proteins using the Profound search engine query to the entire NCBI protein database. Only the identities with significant
Z scores (greater than 1.65) were included. Number labeling in the figure corresponds to the number in Tables 1 and 2.
Urine collection the supernatants underwent microscopic examination
with a hemacytometry counting chamber and there wasYoung healthy donors who had a history of normal
no remaining cell or particle. The supernatants wererenal function were recruited into this study. The donors
fractionated either by 50% acetone precipitation for 10had no acute or chronic medical illness and were not taking
min followed by centrifugation at 12,000  g for fiveany prescription or over the counter medicines. Urine sam-
minutes or by ultracentrifugation at 200,000  g for 120ples (10 mL) were collected in 1 mL of protease-inhibitors
minutes. The pellets were resuspended in 250 mmol/Lcocktail [0.1 mg/mL leupeptin, 0.1 mg/mL phenylmethyl-
sucrose with 10 mmol/L triethanolamine. Protein con-sulfonyl fluoride (PMSF) and 1 mmol/L sodium azide in
centration of each sample was measured by spectropho-1 mol/L Tris, pH 6.8) and were fractionated immediately.
tometry using a Biorad protein microassay based on the
Sample preparation method of Bradford [8].
All fractionation procedures were performed at 4C.
First dimensional 2D-PAGEThe samples were passed through 0.34 mm Whatman
An immobilized pH gradient (IPG) strip (pH 3 to 10;chromatography paper and then centrifuged at 1000 
g for five minutes. After removal of cell debris and nuclei, Amersham Pharmacia Biotech Inc., Piscataway, NJ, USA)
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Fig. 1. (Continued).
was used for isoelectric focusing of acetone-precipitated buffer was 0.625 mol/L Tris/acetate. Electrophoresis was
performed with a maximum of 500 V and 20,000 mWsamples, and a mobile ampholyte tube gel (pH 3 to 10;
Genomic Solutions Inc., Ann Arbor, MI, USA) was used per gel.
for ultracentrifuged samples. IPG strips were loaded with
Staining150 g protein and tube gels were loaded with 75 g
protein. The samples were focused for 24 hours for a The protocol was modified from the EMBL silver stain
total of 100,000 volt-hours for IPG strips and for 17.5 described by Shevchenko et al [9]. The gel slabs were
hours to reach 18,000 volt-hours for the tube gels. fixed in 50% methanol and 5% acetic acid for 20 minutes
and washed with 50% methanol for 10 minutes and with
Second dimensional 2D-PAGE deionized (18 meg Ohm) water for two hours. The gels
were treated with 0.02% sodium thiosulphate for oneThe first dimensional gels were incubated in equilibra-
tion buffer containing 112 mmol/L Tris base, 6 mol/L minute and washed with deionized water for one minute
twice. Pre-chilled 0.1% silver nitrate was used for stain-urea, 130 mmol/L dithiothreitol (DTT), and 4% sodium
dodecyl sulfate (SDS) before loading onto 10% homoge- ing at 4C for 20 minutes. The gels were washed with
deionized water for one minute twice before developingneous, 22  22 cm, duracryl gels (Genomic Solutions
Inc.). The upper running buffer contained 0.2 mol/L Tris, with 0.04% formalin in 2% sodium carbonate solution
three times (30 sec, 90 sec and 90 sec). The developing0.2 mol/L Tricine and 0.4% SDS, and the lower running
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Table 1. The identified proteins from acetone precipitated urine
Protein No. Identifier pI Molecular weight
Adhesion molecules
E-cadherin 1 gi|1617084 4.50 91.19
E-cadherin 2 gi|1617084 4.50 91.19
Activated leukocyte cell adhesion molecule 18 gi|16157538 6.57 56.93
Chaperones
Chaperonin containing TCP1, subunit 6A (zeta 1) 27 gi|4502643 6.24 58.02
Enzymes
Amylase, alpha 1A; salivary 8 gi|14722513 6.47 57.77
Amylase, alpha 2A; pancreatic 9 gi|4502085 6.60 57.71
Acid phosphatase, prostate 21 gi|16740983 5.89 44.54
Prostatic acid phosphatase precursor 22 gi|6382064 5.83 44.57
Hypothetical protein XP_015332a 30 gi|15302930 6.68 44.70
Hypothetical protein XP_015332a 31 gi|15302930 6.68 44.70
Alpha, alpha-trehalase (human, kidney, peptide partial, 308 aa) 36 gi|1911650 5.00 35.38
Indolethylamine N-methyltransferase 46 gi|11420979 5.15 28.89
Serpins (serine protease inhibitors)
Serine proteinase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 1 10 gi|4505793 5.42 46.65
Serine proteinase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 1 11 gi|4505793 5.42 46.65
Kininogen precursor (alpha-2-thiol proteinase inhibitor) [contains: bradykinin] 12 gi|125507 6.34 71.95
Kininogen precursor (alpha-2-thiol proteinase inhibitor) [contains: bradykinin] 13 gi|125507 6.34 71.95
Kininogen precursor (alpha-2-thiol proteinase inhibitor) [contains: bradykinin] 14 gi|125507 6.34 71.95
Kininogen 15 gi|386852 6.34 71.96
Kininogen 16 gi|386852 6.34 71.96
Kininogen 17 gi|386852 6.34 71.96
Alpha-1-microglobulin/bikunin precursor; inter-alpha-trypsin inhibitor 32 gi|4502067 5.95 39.00
Alpha-1-microglobulin/bikunin precursor; inter-alpha-trypsin inhibitor 33 gi|4502067 5.95 39.00
Alpha-1-microglobulin/bikunin precursor; inter-alpha-trypsin inhibitor 34 gi|4502067 5.95 39.00
Alpha-1-microglobulin/bikunin precursor; inter-alpha-trypsin inhibitor 35 gi|4502067 5.95 39.00
Cell signaling
Guanine nucleotide binding protein (G protein), alpha inhibiting activity polypeptide 1 37 gi|5713315 5.69 40.36
Stomatin-like 2 40 gi|14603403 6.87 38.52
Receptors
CD14 antigen precursor 19 gi|4557417 5.84 40.08
MHC class I antigen 20 gi|7770285 6.15 40.14
Kangai 1; CD82 antigen; R2 leukocyte antigen; suppressor of tumorigenicity 6 39 gi|4504813 5.14 29.63
T-cell antigen receptor alpha chain 47 gi|179136 4.73 11.93
Plasma proteins
Transferrin precursor; PRO1557 protein 3 gi|4557871 6.81 77.05
Human serum albumin in a complex with myristic and tri-iodobezoic acid 4 gi|4389275 5.69 66.04
Chain A, human serum albumin complexed with decanoic acid (capric acid) 5 gi|11513969 5.67 66.47
Chain A, human serum albumin complexed with decanoic acid (capric acid) 6 gi|11513969 5.67 66.47
Chain A, human serum albumin complexed with decanoic acid (capric acid) 7 gi|11513969 5.67 66.47
Immunoglobulin kappa-chain VK-1 41 gi|185925 5.97 23.49
Ig kappa chain V-III (KAU cold agglutinin) 42 gi|106586 5.75 23.05
Ig kappa chain V-III (KAU cold agglutinin) 43 gi|106586 5.75 23.05
Ig kappa chain V-III (KAU cold agglutinin) 44 gi|106586 5.75 23.05
Cytoskeletal proteins
Chain B, carboxy-terminal half of gelsolin (G4-G6) bound to actin 28 gi|7245723 5.06 36.37
Chain B, carboxy-terminal half of gelsolin (G4-G6) bound to actin 29 gi|7245723 5.06 36.37
Matrix
Alpha-2-HS-glycoprotein 23 gi|4502005 5.43 39.32
Alpha-2-HS-glycoprotein 24 gi|4502005 5.43 39.32
Alpha-2-HS-glycoprotein 25 gi|4502005 5.43 39.32
Alpha-2-HS-glycoprotein 26 gi|4502005 5.43 39.32
Complement factor
Complement-c1q tumor necrosis factor-related protein 45 gi|14149712 6.05 25.30
Unknown
Hypothetical protein XP_006848 38 gi|14783626 5.12 39.85
The identified proteins including the NCBI GenInfo identification number, predicted pI and predicted molecular weight (kD) are summarized. All of the identified
proteins are in the expected range of pI and molecular weight on the 2D gel (Fig. 1A).
a This protein was 98% identical to citrate synthase (gi|3288815, AAC25560)
process was terminated by washing twice with 5% acetic two most sensitive techniques to visualize proteins. For
differential expression comparing the control to experi-acid for one minute. The gels were stored in 1% acetic
acid at 4C. mental samples, silver stain was limited by its narrow
dynamic range. SYPRO ruby, a ruthenium based proteinThe silver stain technique outlined above is one of the
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Table 2. The identified proteins from ultracentrifuged urine
Protein No. Identifier pI Molecular weight
Transporters
Sodium bicarbonate cotransport protein 2 50 gi|7513341 5.39 62.92
Putative anion exchanger isoform 2 61 gi|7573268 5.47 35.17
Chaperones
70 kD heat shock cognate protein, Atpase domain, K71e mutant 51 gi|1943517 6.15 41.94
DnaK-type molecular chaperone HSP A1L 52 gi|2119712 5.42 69.88
Enzymes
Membrane alanine aminopeptidase precursor (aminopeptidase M) 48 gi|4502095 5.27 109.51
Membrane metallo-endopeptidase (neutral endopeptidase) (enkephalinase/neprilysin) 49 gi|128062 5.54 85.51
Aminoacylase 1 57 gi|4501901 5.77 45.86
Fucosyltransferase 3 [galactoside 3(4)-L-fucosyltransferase] 62 gi|4503809 9.16 42.12
Gamma-glutamyltranspeptidase (EC 2.3.2.2) type 3 63 gi|7433810 5.80 27.63
Cyclic AMP-specific phosphodiesterase OCPDE4A1A 65 gi|3293243 6.17 12.89
MBL (mannose binding lectin)-associated serine protease (MASP)-2 66 gi|6092073 5.77 20.17
MBL (mannose binding lectin)-associated serine protease (MASP)-2 67 gi|6092073 5.77 20.17
Cell signaling
Sorting nexin 15 60 gi|16164318 5.04 38.24
Transforming protein RhoA (Rho1) 64 gi|132535 6.19 21.74
Plasma proteins
Albumin homolog 53 gi|7441762 5.69 52.08
Apolipoprotein A-IV precursor 54 gi|178779 5.22 43.38
Cytoskeletal proteins
Gamma-actin 55 gi|7441428 5.31 41.66
Actin beta chain 56 gi|481515 5.22 41.81
Transcriptional proteins
Heterogeneous nuclear ribonucleoprotein L 59 gi|14757020 6.46 52.87
Unknown
Ataxin 2-binding protein 58 gi|12643820 6.37 42.75
The identified proteins including the NCBI GenInfo identification number, predicted pI and predicted molecular weight (kD) are summarized. All of the identified
proteins are in the expected range of pI and molecular weight on the 2D gel (Fig. 1B).
Table 3. Potential post-translational modifications (PTMs)
Kininogen -2-HS -1
Potential PTMs Albumin A1AT precursor Kininogen glycoprotein microglobulin
Acetylation () () () () () ()
Carbamylation () () () () () ()
Citrullination () () () () () ()
Deamidation () () () () () ()
Farnesylation () () () () () ()
-Carboxyglutamate () () () () () ()
Geranyl-geranyl () () () () () ()
Hydroxylation () () () () () ()
Methylation () () () () () ()
Dimethylation () () () () () ()
Trimethylation () () () () () ()
Myristoylation () () () () () ()
Palmitoylation () () () () () ()
Phosphorylation () () () () () ()
Sulfation () () () () () ()
O-glycosylation () () () () () ()
N-glycosylation () () () () () ()
Mass shifts of the unmatched masses were queried to the known PTMs in the entire protein database. The PTMs normally cause mass shifting by addition, deletion
or placement of the modified residues to the amino acid sequences. The GlycoMod search engine was used in searching for glycosylation and the FindMod search
engine was used for other PTMs.
stain, is superior in its ability to quantify proteins across a Imaging and matching of protein spots
broad concentration range. The more expensive SYPRO A high-resolution 12-bit camera (Genomic Solutions
ruby stain is typically used in expression studies where Inc.) was used to scan the gels. An investigator HT ana-
quantifying protein expression in separate groups of gels lyzer (Genomic Solutions Inc.) was used for matching
and analyzing the spots on the gels.is essential
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Fig. 2. Kyte-Doolittle hydropathy plot. Each
amino acid residue had a variable hydropathic
index varying from negative (hydrophilic) to
positive (hydrophobic). The plot was created
from each value of hydropathic index along the
amino acid sequence of sodium bicarbonate
cotransporter (A) and aminopeptidase M (B)
from ultracentrifuged urine, and kininogen
precursor (C ) and IgG (D) from acetone-pre-
cipitated urine. The average hydropathic in-
dex was from a summation of the entire resi-
dues (0.025, 0.316, 0.765 and 0.500,
respectively). Predicted transmembrane por-
tions of each protein (13, 12, 2, and 1, respec-
tively) were consistent with the hydropho-
bicity.
In-gel tryptic digestion, MALDI-TOF MS, and Bioinformatics
peptide mass fingerprinting The predicted pH value for the isoelectric point (pI)
and molecular weights, protein functions, and synonymsIn-gel tryptic digestion and MALDI-TOF MS were per-
of proteins were defined by the “SwissProt & TrEMBL”formed using techniques described previously by our labo-
protein database (http://ca.expasy.org/sprot/). The “Find-ratory [10]. Protein identification of peptide fragments was
Mod” (http://ca.expasy.org/tools/findmod/) and “Glyco-performed by using the “Profound” search engine (http://
Mod” (http://www.expasy.ch/tools/glycomod/) tools were129.85.19.192/profound_bin/WebProFound.exe) based on
used to search for potential post-translational modificationsthe entire NCBI protein database using the assumption
(PTMs). “Kyte-Doolittle Plot” (http://fasta.bioch.virginia.that peptides are monoisotopic, oxidized at methionine
edu/o_fasta/grease.htm) was used for determination ofresidues and carboxamidomethylated at cysteine resi-
hydropathic property of proteins. And the “TMpred”dues. Up to one missed trypsin cleavage was allowed,
(http://www.ch.embnet.org/software/TMPRED_form.html)although most matches did not contain any missed cleav-
search engine was used for prediction of transmembrane
ages. Mass tolerance of 150 ppm was the window of error
regions of proteins.
allowed for matching the peptide mass values. Z scores
were estimated by comparison of search results against
RESULTSestimated random match population and were the dis-
tances to the population mean in unit of standard devia- Urine samples from five healthy donors (3 males and
tion. Scores greater than 1.65 were considered statisti- 2 females, age 33.40  2.11 years) were collected and
cally significant (P 	 0.05). Identities of protein spots fractionated using both isolation techniques. Following
2D-PAGE and staining, approximately 150 protein spotsthat did not reach this significant level were not reported.
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Fig. 2. (Continued).
were visualized in each sample. Figure 1A shows a pro- of ultracentrifuged samples was from 4.5 to 9.5. Molecu-
lar sizes of the expressed proteins were also different.teome map for acetone-precipitated urine, and Figure
1B shows ultracentrifuged urine. Of 150 excised spots Proteins from acetone-precipitated urine ranged from
25 to 70 kD, whereas the molecular weights of the proteinfrom both isolation techniques, 47 forms of 28 unique
proteins were identified from acetone-precipitated sam- spots of ultracentrifuged samples ranged from 10 to 116
kD (Fig. 1). Interestingly, the sodium bicarbonate co-ples and 20 forms of 19 unique proteins were identified
in ultracentrifuged samples (Fig. 1, and Tables 1 and 2). transporter and the anion exchanger were identified only
in the ultracentrifuged samples, whereas adhesive mole-All identified proteins were in the expected size and pI
ranges on 2D-PAGE. Gel images showed no evidence cules, such as E-cadherin and activated leukocyte adhe-
sion molecule were observed only in acetone-precipi-of protein degradation that usually presents as vertical
streaking of the protein stain. In other experiments urine tated samples.
Some proteins presented on 2D-PAGE as a horizontalsamples could be stored for at least one month at 80C
without significant degradation (data not shown). The row of multiple spots with small changes in pI and molec-
ular weight. This pattern is likely caused by variableidentified proteins in Tables 1 and 2 were classified into
several groups including transporters, adhesion mole- PTMs. We used the “FindMod” and “GlycoMod” search
engines to identify the potential PTMs in these proteincules, molecular chaperones, metabolic enzymes, prote-
ase inhibitors, receptors, matrix, cell signaling proteins, spots. All of the PTMs that could explain the observed
differences in pI and molecular weight are listed in Table 3.plasma proteins, cytoskeletal proteins, and transcrip-
tional proteins, based on their functional categories in Based on the presence of transmembrane proteins in
ultracentrifuged urine, it appeared that more hydropho-the “SWISS-PROT and TrEMBL” protein database.
The protein spots of acetone-precipitated samples were bic proteins were isolated by ultracentrifugation. To test
this observation, hydropathy plots were performed ofmore acidic (pI ranged from 3 to 7), while the pI range
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several proteins isolated by both methods. Figure 2 A dium bicarbonate cotransporter and the anion exchanger
were identified only in the ultracentrifuged urine. Onand B shows the hydropathy plots of the sodium bicar-
bonate cotransporter and aminopeptidase M that are the other hand, E-cadherin, the activated leukocyte ad-
hesion molecule and complement c1q tumor necrosisrepresentative of proteins separated by ultracentrifuga-
tion. The hydropathy plots of the kininogen precursor factor-related protein were identified only in the ace-
tone-precipitated urine. Albumin was the only proteinand IgG (Fig. 2 C and D, respectively) are representative
of proteins separated by acetone precipitation. The pro- that was identified by MALDI-MS in both isolation meth-
ods. Several differential forms of albumin were presentteins separated by ultracentrifugation had an average
hydropathic index of 0.025 and 0.316, while proteins in acetone-precipitated samples (spot #4-7), whereas only
one form was expressed in the ultracentrifuged urineisolated with acetone had average hydropathy indexes of
0.765, and 0.500, respectively. The lesser hydropathy (spot #53). The components of urinary proteins in the
present study were comparable to the previous study byindex of ultracentrifugation-isolated proteins denotes
their greater hydrophobicity compared to proteins iso- Spahr and colleague [6]. However, approximately one
half of the proteins isolated by acetone precipitation andlated with acetone.
80% of the proteins in the ultracentrifuged samples were
not identified by lyophilization. Acetone precipitation
DISCUSSION
and ultracentrifugation provide complementary data that
Determination of protein composition of normal urine magnify protein identification.
may lead to an increased understanding of renal physiol- When temperature and salt concentration are con-
ogy and will build a database for comparison to urine stant, solubility of proteins is controlled by three main
from patients with various renal diseases. In the present factors: hydropathy, isoelectric point, and molecular size
study, 2D-PAGE protein separation, followed by MALDI- (Mr) [13]. Organic solvents, such as acetone, methanol and
TOF MS and peptide mass fingerprinting were used to ethanol, precipitate hydrophilic proteins easily, whereas
identify proteins. This technique provides an improved hydrophobic proteins tend to remain soluble in the aque-
method to generate the urinary protein database [11]. ous fraction [7]. Ultracentrifugation would be expected
A proteome map of normal human urine was constructed to separate proteins based on Mr. Acetone precipitated
for the two isolation methods. A total of 67 protein spots more hydrophilic proteins, while ultracentrifugation iso-
representing 47 unique proteins were identified from 150 lated more hydrophobic proteins as demonstrated by the
excised spots in normal human urine. Forty-seven forms hydropathy plot in Figure 2. The pI of proteins identified
of 28 unique proteins were identified from acetone-pre- from acetone-precipitated urine was limited to acidic pH
cipitated urine and 20 forms of 19 unique proteins were because proteins are more easily precipitated at a pH
identified in ultracentrifuged urine. closed to their pI [13]. The physiological pH range of
Heine and colleagues used liquid chromatography fol- normal urine is acidic, while the pH of acetone is 6.0.
lowed by ESI-MS/MS to identify 34 proteins from human Protein size plays a critical role in its precipitation by
urine [12]. Proteins such as albumin, immunoglobulin, acetone, as the solvent concentration required for precip-
procollagen and collagen predominated in their study, itation is inversely proportional to protein size [13].
while few low abundance proteins were identified. Spahr Smaller proteins are more difficult to precipitate because
and colleagues compared the human urinary proteome their small charged surface area produces less repulsive
following separation by reverse phase HPLC or 2D- force. Thus, the 50% acetone used in our study to precipi-
PAGE [6]. Only nine proteins, primarily high abundance tate hydrophilic proteins might be inadequate to precipi-
proteins, were identified from 2D-PAGE. Connecting tate low Mr proteins [13]. Ultracentrifugation provided
HPLC to a hybrid quadrupole  time of flight (Q-TOF) almost equal distribution of high, middle and low Mr
mass spectrometry resulted in identification of 124 pro- proteins (Fig. 1).
tein forms. This method, however, was not capable of Analytic problems in proteomics are related to the
comparing the amount of protein expressed in different diversity of protein expression (multiple protein forms)
samples. Additionally, MS was required in each experi- and the dynamic expression range (protein abundance)
ment to identify the proteins, while the reproducibility [14, 15]. The diversity of protein expression can be over-
of 2D gels allows identification based on position of come by using high-resolution 2D-PAGE to achieve a
protein spots on the gels. more complete picture of individual proteins. The large
Because of the limited protein identification reported format slab gel (22  22 cm) used in our study is an
previously [12], we compared two protein isolation meth- example of one approach to this problem, as multiple
ods, ultracentrifugation and acetone precipitation. Two spots in a horizontal row represent proteins containing
different techniques were used to isolate proteins and PTMs. Bioinformatic-based analysis identified potential
produced very different proteomes as identified by 2D PTMs that most likely caused the observed differences
in pI and molecular weight of different forms of the samePAGE. For example, certain transporters such as the so-
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proteins. The problem of protein abundance is more ACKNOWLEDGMENTS
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